Edeine prevents binding of the initiator tRNA to the 30S subunit in an mRNAdependent manner.
GE81112
GE81112 Initiation (fMet-tRNA binding)
GE81112 inhibits binding of the initiator tRNA to the 30S subunit in an mRNAindependent manner.
Kasugamycin Kasugamycin Initiation (fMet-tRNA binding)
Kasugamycin inhibits translation initiation of canonical mRNAs by binding in the path of the mRNA and preventing stable interaction of the initiator tRNA with the start codon.
Pactamycin Pactamycin Initiation, elongation (
Early data suggest that pactamycin allows 30S but not 70S initiation complex formation, whereas recently pactamycin was shown to inhibit translocation in a tRNA-mRNA-dependent manner.
Spectinomycin Spectinomycin Elongation (translocation) Spectinomycin binds to the neck of the small subunit and prevents the relative movement of the head and body that is needed for the completion of translocation. The translational apparatus is one of the major targets for antibiotics in the bacterial cell. Antibiotics predominantly interact with the functional centers of the ribosome, namely the messenger RNA (mRNA)-transfer RNA (tRNA) decoding region on the 30S subunit, the peptidyltransferase center on the 50S subunit, or the ribosomal exit tunnel through which the nascent polypeptide chain passes during translation. Protein synthesis can be divided into three phases: initiation, elongation, and termination/recycling.
Initiation
Translation initiation operates through a 30S initiation complex (30S-IC), consisting of the 30S, mRNA, initiator fMet-tRNA, and three initiation factors, IF1, IF2, and IF3. Subsequently, the 30S-IC associates with the 50S, which releases the initiation factors (IFs) and leaves the initiator-tRNA at the peptidyl-tRNA-binding site (P site), base-paired to the start codon of the mRNA. The antibiotics edeine, GE81112, and kasugamycin interfere with 30S-IC assembly, whereas formation of a functional 70S-IC is blocked by the orthosomycins and pactamycins.
Elongation
The elongation phase involves the movement of tRNAs in a cyclic fashion through the three tRNA-binding sites (A→P→E) on the ribosome. The first step in the cycle involves the delivery of the aminoacyl-tRNA (aa-tRNA) to the aa-tRNA-binding site (A site), which is facilitated by the elongation factor EF-Tu•GTP. Hydrolysis of GTP by EF-Tu leads to its dissociation from the ribosome, allowing aa-tRNA accommodation. Peptide-bond formation then proceeds, transferring the entire polypeptide chain from the P-tRNA to the aa-tRNA in the A site. The ribosome now has a peptidyl-tRNA at the A site and an uncharged tRNA at the P site. This ribosomal state is highly dynamic with the tRNAs oscillating between classical (A and P sites) and hybrid states (A/P and P/E sites on 30S/50S). EF-G binds to the ribosome, which stabilizes the tRNAs in hybrid states, hydrolyzes GTP to GDP, and catalyzes the translocation reaction. Translocation shifts the peptidyl-tRNA from the A/P hybrid state to the P site and the deacylated tRNA from the P/E to the exit site (E site). EF-G•GDP dissociates leaving the A site vacant for the next incoming aa-tRNA. The majority of antibiotics targeting translation inhibit a step associated with the elongation phase. Most antibiotics binding to the 30S perturb either tRNA binding, decoding, or translocation, whereas antibiotics targeting the 50S inhibit peptide-bond formation, extension of the polypeptide chain, or stable binding of translation factors. In contrast, some antibiotics interact directly with elongation factors and prevent them from dissociating from the ribosome.
Termination/Recycling
Arrival of an mRNA stop codon in the A site of the ribosome signals the termination of protein synthesis. Release factor 1 (RF1) or RF2 binds to the ribosome and hydrolyzes the peptidyl-tRNA bond, releasing the translated polypeptide chain from the ribosome. RF1/2 is recycled from the ribosome by RF3 in a GTP-dependent fashion. The ribosome is then split into subunits by the concerted action of EF-G and ribosome recycling factor (RRF), thus recycling the components for the next round of translation. There are no antibiotics that specifically inhibit termination and ribosome recycling; however antibiotics that target EF-G, such as α-sarcin, fusidic acid, and thiopeptides, also inhibit ribosome recycling.
Abbreviations 30S, small ribosomal subunit; 50S, large ribosomal subunit; aa-tRNA, aminoacyl-tRNA; A site, aa-tRNA-binding site; E site, exit site for tRNA; EF, elongation factor; IF, initiation factor; mRNA, messenger RNA; P-tRNA, peptidyl-tRNA; P site, P-tRNA-binding site; PTC, peptidyltransferase center; RRF, ribosome recycling factor; RF, release factor; tRNA, transfer RNA.
